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ABSTRACT
A study on the utilization of cellulose nanocrystals (CNCs) as a natural-base 
additive in cement mortar as a strengthening agent had been conducted. Since cement- 
based materials such as concrete and mortar are known as the most utilized materials 
on earth after water, various studies on the cement mortar have been done to improve 
its properties to make more compatible with the current demand. Nowadays, the 
development of construction industries is going towards producing cement mortar that 
high in strength and environmentally friendly. However, to develop a cement mortar 
that as strong as concrete is challenging due to no coarse aggregate is used in the mortar 
mix. Thus, the development of new technologies and materials that can improve the 
strength of mortar without the usage of coarse aggregates was studied. These days, 
additive to strengthen the cement mortar by using natural resources had gained interest 
among researchers. Still, limited study had been conducted to study the outcome of 
natural-based additive in cement mortar as a strengthening agent. Thus, this research 
aims to investigate the changes in cement mortar properties and behavior after it is 
affected by a natural-based additive known as cellulose nanocrystals (CNCs). CNCs, 
known as advanced materials produced by using current advanced nanotechnologies 
and bring out the strongest part of the cellulose which is stronger than a strength of 
steel in tensile. The CNCs was used in cement mortar to study deeply on its 
characteristic and improvement contributed by CNCs. In this study, the mortar 
specimens were prepared with a mass ratio of 1: 2.75 (cement: fine aggregates), the 
water-cement ratio of 0.47 and 0.2 to 0.8% of CNCs addition by weight of cement 
content. Three types of curing regimes were executed known as a wrap, lime and water 
curing in order to find the most compatible curing method with CNCs mortar. The 
wrap curing method was found to produce better strength performance with the 
addition of CNCs compared to lime and water curing during the pilot study. Therefore, 
wrap curing was used throughout the study. The normal mortar was prepared as a 
control sample. Three important phases of tests were carried out in this study starting 
from chemical and physical tests characterization of the CNCs. This was followed by 
the performance of fresh and hardened properties of cement composites after 
incorporating the CNCs and ended with thermal performance tests of the CNCs mortar. 
The experimental results showed that the optimum percentage of CNCs used in the 
mix was 0.4% as it resulted in higher compressive, flexural and tensile strength. The 
cement mortar containing CNCs was found to perform effectively in improving the 
strength properties up to 43.6 %, 20 % and 147 % for compressive, flexural and tensile 
strength, respectively, as well as alter the thermal conductivity for 0.1% and 0.2% for 
the thermal resistance of cement mortar. All tests were carried out by following the 
American Standard Testing Method (ASTM), British Standards (BS) and Japanese 
International Standards (JIS) standards. Overall, test results including microstructure 




Kajian penggunaan nanokristal selulosa (CNCs) sebagai bahan tambahan 
semulajadi dalam mortar simen sebagai agen penguat telah dijalankan. 
Memandangkan bahan berasaskan simen seperti konkrit dan mortar dikenal pasti 
sebagai bahan yang kerap digunakan di bumi selepas air, pelbagai kajian terhadap 
mortar simen telah dijalankan bagi meningkatkan sifatnya untuk menjadikannya lebih 
sesuai dengan permintaan semasa. Pada masa kini, perkembangan industri pembinaan 
sedang menuju kearah penghasilan simen mortar berkekuatan tinggi dan mesra alam. 
Walau bagaimanapun, penghasilan mortar simen berkekuatan tinggi seperti konkrit 
adalah mencabar memandangkan agregat kasar tidak digunakan dalam campuran 
mortar. Sehubungan itu, pembangunan teknologi baru dan bahan bagi menambah baik 
kekuatan mortar tanpa penggunaan agregat kasar telah dikaji. Kebelakangan ini, 
pengunaan bahan tambah bagi meningkatkan kekuatan mortar simen dengan 
menggunakan bahan semulajadi telah menarik perhatian para penyelidik. Namun, 
kajian yang telah dijalankan bagi mengkaji kesan bahan tambahan semulajadi sebagai 
agen penguat dalam mortar simen adalah terhad. Oleh itu, tujuan kajian ini dijalankan 
adalah untuk mengkaji perubahan kepada sifat mortar simen dan kelakuannya selepas 
didedahkan kepada bahan tambah semulajadi yang dikenali sebagai nanokristal 
selulosa (CNCs). CNCs yang juga dikenali sebagai bahan terkini yang dihasilkan 
menggunakan teknologi nano terkini, mengeluarkan bahagian terkuat selulosa yang 
mana ianya lebih kuat berbanding kekuatan keluli dalam tegangan. CNCs digunakan 
dalam campuran mortar bagi mengkaji dengan lebih mendalam sifat dan penambah 
baikan yang disumbangkan oleh CNCs. Dalam kajian ini, spesimen mortar disediakan 
dengan nisbah berat 1: 2.75 (simen : agregat halus), nisbah air-simen 0.47 dan 
tambahan CNCs sebanyak 0.2 hingga 0.8% berdasarkan berat simen. Tiga kaedah 
pengawetan telah dijalankan iaitu pembungkusan, kapur dan pengawetan air bagi 
mengenalpasti kaedah yang paling sesuai bagi mortar CNCs. Kajian mendapati kaedah 
pengawetan secara pembungkusan menghasilkan prestasi kekuatan yang lebih baik 
bagi tambahan CNCs berbanding pengawetan kapur dan air semasa kajian perintis 
dilaksanakan. Oleh itu, kaedah pengawetan secara pembungkusan digunakan 
sepanjang kajian dijalankan. Mortar biasa disediakan sebagai sampel kawalan. Tiga 
fasa penting ujikaji telah dijalankan bermula dengan ujian kimia dan ujian fizikal 
CNCs. Ujikaji diteruskan dengan ujian prestasi konkrit basah dan konkrit keras 
komposit simen selepas menggabungkan CNCs dan berakhir dengan ujian prestasi 
termal mortar CNCs. Hasil kajian mendapati CNCs berkesan secara efektif dalam 
meningkatkan sifat kekuatan sehingga 43.6%, 20% dan 147% bagi kekuatan 
mampatan, lenturan dan tegangan disamping mengubah kekonduksian terma untuk
0.1% dan 0.2% bagi rintangan terma simen mortar. Ujian-ujian yang telah dijalankan 
adalah berdasarkan kepada American Standard Testing Method (ASTM), British 
Standard (BS) dan Japanese International Standards (JIS). Hasil kajian secara 
menyeluruh termasuk kajian terhadap mikrostruktur mendapati CNCs boleh 








TABLE OF CONTENTS ix
LIST OF TABLES xiv
LIST OF FIGURES xvi
LIST OF ABBREVIATIONS xx
LIST OF SYMBOLS xxii
CHAPTER 1 INTRODUCTION 1
1.1 Background of the study 1
1.2 Problem statement 4
1.3 Aims of the study 5
1.4 Objectives of the study 5
1.5 Research question 6
1.6 Scope and limitation of the study 7
1.7 Significance of the study 7
1.8 Thesis outline 8
CHAPTER 2 LITERATURE REVIEW 11
2.1 Introduction of cement-based materials 11
2.1.1 Weaknesses of cement-based materials 12
2.1.2 New development of cement-based materials 13
2.2 Sustainability in concrete development 14
2.3 Demand in the current concrete industry 15


































2.4.3 The crystalline structure of cellulose
2.4.4 Amorphous region of cellulose
2.4.5 Cellulose nanocrystals
2.4.6 Extraction methods of cellulose nanocrystals
(CNCs)
2.4.6.1 Acid hydrolysis
Current application of cellulose nanocrystals 
Cellulose nanocrystals in cement composites
2.6.1 Improvement on physical properties of cement 
composites







3.3.2 Ordinary Portland cement (OPC)
3.3.3 Cellulose nanocrystals (CNCs)
3.3.4 Water
Characterization of cellulose nanocrystals
3.4.1 Selection of raw sources of cellulose 
nanocrystals
3.4.2 Cellulose nanocrystals (CNCs) extraction
3.4.3 Cellulose nanocrystals properties tests
3.4.3.1 X-ray Fluorescence (XRF)
3.4.3.2 Transmission Electron Microscopy 
(TEM)
3.4.3.3 Zeta potential
3.4.3.4 Surface area and porosity analyzer 
Mortar incorporating CNCs
x
3.6 Mixing procedures 63
3.7 Curing condition 64
3.8 Operational engineering properties 65
3.8.1 Fresh properties of mortar 65
3.8.1.1 Flow table test 66
3.8.2 Hardened properties of CNCs mortar 66
3.8.2.1 Non Destructive Test (NDT) 67
3.8.2.2 Compressive strength test 69
3.8.2.3 Flexural strength test 70
3.8.2.4 Splitting tensile strength test 71
3.9 Microstructural tests 72
3.9.1 Field Emission Scanning Electron Microscopy
(FESEM) 72
3.9.2 Scanning Electron Microscopy /Energy
Dispersive X-ray (SEM/EDX) 73
3.9.3 X-ray Diffraction (XRD) 74
3.9.4 Mineral Liberation Analysis (MLA) 75
3.9.5 Fourier Transform Infrared Spectroscopy
(FTIR) 75
3.9.6 Thermogravimetric and Differential Thermal
Analysis (TG/DTA) 77
3.10 Thermal behavior of CNCs mortar 78
3.10.1 Prototype brick wall details 78
3.10.2 Surface temperature 81
3.10.3 Thermal reflective test 82
3.10.4 Thermal conductivity 83
3.10.5 Solar radiation 84
3.11 Conclusion 85
CHAPTER 4 CHARACTERIZATION OF CELLULOSE
NANOCRYSTALS 87
4.1 Introduction 87
4.2 Properties of materials 87





























4.2.1.1 Selection of raw sources of cellulose
4.2.1.2 Physical properties of cellulose
nanocrystals
4.2.1.3 Dispersion behavior of cellulose 
nanocrystals
4.2.1.4 Porosity and surface area
4.2.1.5 Particle size distribution
4.2.1.6 X-Ray Diffraction (XRD) 
Conclusion




5.2.1 X-Ray Fluorescence (XRF) of Ordinary 
Portland cement
5.2.2 X-Ray Diffraction (XRD) of Ordinary Portland 
cement
5.2.3 Fourier Transformation Infrared Spectroscopy 
(FTIR) of Ordinary Portland cement
Fine aggregates
5.3.1 X-Ray Fluorescence (XRF) of fine aggregates
5.3.2 Fourier Transformation Infrared Spectroscopy 
(FTIR) of fine aggregates
Effect of curing regime
Fresh properties of CNCs mortar
5.5.1 Flow tests
Mechanical properties of CNCs mortar
5.6.1 Density of cellulose nanocrystal mortar
5.6.2 Compressive strength of CNCs mortar
5.6.3 Flexural strength test of CNCs mortar
5.6.4 Splitting tensile test of CNCs mortar
5.6.5 Morphology of CNC mortar
5.6.6 X-Ray Diffraction (XRD) of CNCs mortar
5.6.7 Mineral Liberation Analysis (MLA)
xii
5.6.8 Thermogravimetric and Differential
Temperature Analysis (T G/DTA) 136
5.7 Conclusion 139
CHAPTER 6 THERMAL PERFORMANCE OF MORTAR
CONTAINING CNCs 141
6.1 Introduction 141
6.2 Overview of the monitored weather 141
6.2.1 Surface temperature 142
6.2.2 Correlation between surface temperature and
solar radiation 144
6.2.3 Thermal conductivity and thermal resistance 146
6.3 Conclusion 148
CHAPTER 7 GENERAL CONCLUSIONS AND
RECOMMENDATIONS 149
7.1 General conclusion 149
7.2 Limitations 152
7.3 Recommendation for future research 152
REFERENCES 155




















Common acronyms used to defined different types of 
cellulose nanoparticles (Siqueira et al., 2010a)
Physical characteristics of cellulose nanocrystal (CNCs) 
from different sources (Saxena, 2013; Kargarzadeh et al., 
2017)
Moduli of engineering materials compared to cellulose 
nanocrystals (Siqueira et al., 2010a)
Dimension of cellulose nanocrystals prepared under 
different sulphuric acid hydrolysis conditions (Saxena, 
2013).
Effect of sulphuric acid (72%, w/w) hydrolysis condition 
on the degree of sulfonation of linen pulp (Saxena, 2013)
Effect of hydrolysis condition on the appearance of 
cellulose nanocrystals suspension (Dong et al., 1998; Lin 
et al., 2019)
Effect of sulphuric acid hydrolysis time at 45 °C on the 
sulphur content and length of cellulose nanocrystals 
(Dong et al., 1998)
Effect of ultrasonic treatment on the length and surface 
charge of cellulose nanocrystals (Saxena, 2013)
Experimental conditions: reaction time and acid -to-pulp 
ratios (Beck-Candanedo et al., 2005)
Effect of reaction conditions on suspension properties. 
(Beck-Candanedo et al., 2005)
Optimization of cellulose nanocrystals isolation 
(Bondeson and Oksman, 2007)
Potential colloids value based on zeta potential value 
(Parveen et al., 2013)
The specification of FLIR thermal camera
Properties of varies type of plants composition
The average physical properties of CNC


































The name give for each CNCs based on varies preparation 
method
The zeta potential value of different types of sonification 
and CNC condition
Chemical composition of cement by XRF analysis
Major compound of cement
Composition and structure of Portland cement
Chemical composition of fine aggregates
Composition and structure of fine aggregates
Compressive strength of CNCs mortar in 28 days
The optimum design of CNC mortar
The zeta potential of cement and CNCs
CNC mortar element from XRD analysis
Result of thermogravimetric analysis
Percentage of gases decomposition






















Cement paste, mortar and concrete mix
Small air void cause a connecting crack in the cement 
matrix (a) temperature drop cause the water to fill in the 
void (b) During winter, the water freeze and expand (c) 
under pressure the water move to the nearby air pores 
and cause the crack in the concrete matrix (Claude 
Goguen, 2012)
Global fiber market in 2016 ( Plasser and Rahbaran, 
2017)
Chemical structure of natural fiber (Siqueira et al., 
2010a)
Cellulose cell wall and microfibril diagram (Poole and 
Owens, 2013)
Acid hydrolysis breaks down the amorphous region and 
isolates nanocrystals (Pereda and Dufresne, 2014)
Transmission electron microscopy images of NCC 
particles obtained by acid hydrolysis of (a) tunicin, (b) 
China grass (ramie), (c) cotton, (d) sugar beet, (e) 
microcrystalline cellulose and (f) bacterial cellulose 
(Siqueira et al., 2010a)
Mechanism of acid catalyzed hydrolysis of cellulose (a) 
Acid hydrolysis mechanism (b) Esterification of CNCs 
surfaces (Lu and Lo, 2010)





Extraction process of CNCs by using a-cellulose from 
palm oil wastes
Vacuum die set












































Transmission Electron Microscope (TEM) instrument 
Zeta potential instrument
Surface Area and Porosity Analysis Micromeritics 
ASAP 2010 instrument
Mechanical mixer used for mixing
Flow table test
Schematic diagram of UPV tets (ASTM C597)
Ultrasonic Pulse Velocity test equipment
Compressive strength test
Flexural strength test of CNCs mortar
Splitting tensile strength test over CNCs mortar 
specimen
FESEM testing equipment
Carbon coater machine used to coat the sample before 
Scanning Electron Microscopy testing
Scanning Electron Microscopy and Energy-dispersive 
X-ray machine
X-ray Diffraction machine
Fourier Transform Infrared Spectroscopy equipment
Thermogravimetric and Differential Thermal Analysis 
instrument
(a) Front view of the prototype brick wall (b) schematic 
diagram of from view of the prototype brick wall
(a) Rear view of the prototype brick wall (b) schematic 
diagram of the rear view of the prototype brick wall
Surface temperature apparatus (a) Thermocouple wire 
together with Graphtec Data Logger (b) Stevenson box
FLIR Thermal Camera
Heat Flow Meter -  HFM 436 Lambda
Pyranometer
The morphological structure of CNC in aqueous 
suspension






















Chiral nematic structure of CNC liquid crystals 
suspension (a) Non-chiral nematic phase (b) Chiral 
nematic phase
Aqueous suspension stability of CNCs with different 
sonification period (a) CNCs-A (48 hours) (b) CNCs-D 
(12 hours)
Dispersion pattern of CNCs under varies drying method 
(a) aqueous suspension (b) freeze-drying (c) oven-dried
(a) Types of isotherm and (b) types of hysteresis loop 
(Yang et al., 2018)
Adsorption-desorption curves of CNCs
TEM image of CNCs extracted from palm oil wastes
Particle size distribution histogram of CNCs from palm 
oil wastes obtained by six TEM images with a total of 
100 particles measured (a) particle length (b)particle 
diameter (c) aspect ratio
X-ray diffraction patterns for different acid hydrolysis 
concentration of CNCs from palm oil wastes
Morphology of cement hydrates without CNCs from 
Field Emission Scanning Electron Microscopy 
(FESEM) observation
X-ray Diffraction test for Portland cement
Analysis of Portland cement via Fourier Transformation 
Infrared Spectroscopy
Fine aggregate analysis by Fourier Transformation 
Infrared
Varies curing condition pattern of mortar containing 
different percentage of CNCs in 28 days
The different appearance between wrap and water curing 
CNCs mortar.
Overview of different water/cement ratio of normal 
mortar
Diameter of flow table test for mortar containing CNC
Average density of CNC mortar at 28 days
Compressive strength of mortar containing various ratio 
of CNC content by using the wrapping method














CNC mortar performance under tensile strength test
The Scanning Electron Microscopic (SEM) and Energy- 
dispersive X-ray (EDX) of (a) control with x766 
magnification (b) CNCs mortar with x854 magnification
FESEM image of calcium crystals (C-S-H and 
Ca(OH)2) filled in mortar specimen (a) control with 
magnification x25000 (b) 0.4% CNCs magnification 
x20000
The illustration of the function of CNCs in increasing the 
formation of CSH gel in a mortar matrix.
XRD analysis of CNC mortar
The mineral liberation analysis (MLA) of CNCs mortar 
based on the particle size of CSH gel.
Distribution of CSH gel (blue colour) for (a) normal 
mortar and (b) CNCs mortar at 250 magnification.
Thermogravimetric analysis for normal mortar and CNC 
mortar at the age of 28 days
Overview of weather data for seven consecutive days 
Surface temperature for 7 consecutive days 
One day pattern of surface temperature 
Relationship between CNCs mortar and solar radiation
xix
LIST OF ABBREVIATIONS
CNCs - Cellulose nanocrystals
MCCs - Microcrystalline cellulose
OPC - Ordinary Portland Cement
XRF - X-ray Fluorescence
TEM - Transmission Electron Microscopy
ASAP - Surface Area and Porosity Analyser
XRD - X-ray Diffraction
NDT - Non Destructive Test
FESEM - Field Emission Scanning Electron Microscopy
SEM/EDX - Scanning Electron Microscopy /Energy Dispersive X-ray
MLA - Mineral Liberation Analysis
FTIR - Fourier Transform Infrared Spectroscopy
TG/DTA - Thermo-gravimetric and Differential Temperature Analysis
ASTM - American Standard and Testing Manual
UPV - Ultrasonic Pulse Velocity
BS - British standard
HFM - Heat Flow Meter
LSP - Lignosulfonate plastisizer
NFS - Formaldehyde superplastisizer
ASTM - American Standard Testing Method
BS - British Standard
JIS - Japanese International Standard
TEMPO - Tetramethylpiperidine-1-oxyl
NDF - Neutral Detergent Fibre
ADL - Acid Detergent Fibre
ADF - Acid Detergent Lignin
MPOB - Malaysia Palm Oil Board
BET - Brunauer-Emmet-Teller
HFM - Heat Flow Meter











w/w - Mass fraction
v/v - Volume concentration
m/v - Mass concentration
w/c - Water/cement ratio
L/D - Aspect ratio







Gc - Compressive strength




Cu K-a - Copper K alpha
a - Alpha
° - Degree
P/Po - Relative Pressure
RH - Relative Humidity
O s - Silica
Al 2 O s - Alumina,
Fe 2 O s - Iron oxide
CaO - Calcium Oxide
MgO - Magnesia
N 2 O - Sodium
xxii











































Calcium Silicate Hydrate 
Calcium Sulphate 
Silicon Oxide 




Pound per square inch 
Watt per kelvin-meter 




1.1 Background of the study
The utilization of wastes products in construction materials has been widely 
investigated and studied by numerous researchers across the world (Johari et al., 2014). 
Malaysia is known as a country that produces high biomass production annually. Being 
a major agricultural commodity producer in the region, Malaysia produces at least 168 
million tonnes of biomass in 2018, including timber and oil palm waste, rice husks, 
coconut trunk fibres, municipal waste and sugarcane waste annually (Hamzah et al., 
2019). Most of these wastes were left rot at the field without commercial return 
(Abdullah and Sulaiman, 2013). This resulting in increasing the cause of air pollution 
due to open burning.
Agricultural waste knows with its higher lignocellulose content which is 
known as the most abundant and renewable natural biopolymer on earth. Cellulose can 
be found in plants such as flowers, trees, weeds, grasses, vines, and bushes. Other 
living things such as animals (mammals, herbivore, carnivore and omnivore) and 
bacteria like Acetobacter xylinum, Acetobacter, Azotobacter, Rhizobium, 
Pseudomonas, Salmonella, Alcaligenes etc. also contain a significant amount of 
cellulose (Abdul Khalil et al., 2012, 2014; Abdullah and Sulaiman, 2013). Cellulose 
fibres or used as reinforcing materials in cement mortar materials help to improve the 
performance of mortar by increasing the resistance towards tensile stress, shrinkage, 
and modulus (Mohammed et al., 2015). For that reason, the studied on the cellulose 
fibres in cement composites materials have been studied comprehensively in many 
ways by using various types of cellulose fibres (Sajjala, 2018a). However, drawbacks 
from the direct usage of cellulose in cement materials such as workability and 
degradation of strength after a certain period cause a new study on surface 
modification on cellulose (Mohammed et al., 2015). Therefore, with the advanced
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technology, the surface-modified cellulose knows as cellulose nanocrystals (CNCs) 
was introduced and widely used in many industries such as automotive, aerospace, 
electronics, pharmaceutical and food industries (Barra et al., 2015; Soltan et al., 2017).
CNCs was discovered as early as 1949, however, CNCs did not receive much 
attention because of their nano sizes that cannot be imaged under present optical and 
microscopy equipment during that era (Eyley and Thielemans, 2014). Then, in 1992, 
the interest in CNCs was revealed when their colloidal suspensions unexpectedly 
showed liquid crystalline properties which been found when the advent of higher 
resolution imaging techniques such as atomic force microscopy (AFM) and 
transmission electron microscopy (TEM) (George and Sabapathi, 2015). The immense 
strength and stiffness of cellulose crystallites soon spurred interest in their potential to 
reinforce polymers.
These good properties of CNCs can be achieved by appropriate modification 
of CNCs in terms of physical, chemical or rheological properties based on desired 
improvements. The nanoparticles of CNCs are stabilized in aqueous suspension during 
the hydrolysis process with the form of negative charges on the surface of the 
nanoparticles (Pelissari et al., 2014; Tian et al., 2016). Furthermore, CNCs nanoscale 
particles are promising can be used as reinforcing agents in composites to produce 
high-performance nanocomposites. This phenomenon is due to the CNCs' basic 
physicochemical properties which content an anisotropic chiral nematic liquid 
crystalline phase (Eyley and Thielemans, 2014).
Cement mortar is a strong and relatively cheap construction material and is, 
therefore, present the most widely used material in the construction industry. The main 
constituent that contributes to mortar strength is Portland cement. It is estimated that 
cement (Portland clinker) production alone contributes about 7% of the global carbon 
dioxide emissions due to the burning of limestone and clay at a temperature of 1500 
°C. During this process, calcium carbonate (CaCO3 ) is converted to calcium oxide 
(CaO) and carbon dioxide is released (McDonald et al., 2019). From an environmental 
standpoint, cement does not appear to be a sustainable material (Bediako et al., 2016).
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Therefore, the usage of a non-sustainable additive such as superplasticizer to improve 
the workability should be reduced.
Nowadays, the production of cement mortar that satisfied the application of 
lightweight industries such as in high rise buildings and floating structures is very hard 
to achieve (Takumi et al., 2009). In lightweight industries, the strength and density of 
the composites were the major criteria that been observed. However, it very hard to 
achieve both high strength and low density at the same time by using the conventional 
method. This due to the basic theory of the cement composites strength is proportional 
to the density (Neville, 2006). Therefore, various options were introduced in the 
previous studies by using chemical or natural-based additive or cement-based 
replacement such as resin, fly ash, bottom ash, steel fibre and many more (Mohammed 
et al., 2015; Khalid et al., 2016; Zhang et al., 2019)
In construction industries nowadays, various studies on developing better 
construction materials such as high strength cement composites or environmental 
friendly composites, which can be used in skyscrapers, bridges, sidewalks, highways, 
houses, and dams (Martinez-Barrera et al., 2014). Besides that, in the production of 
cement mortar, the existing conventional mortar is known as a non-load bearing 
structure. This is due to the cement mortar matrix that does not contain coarse 
aggregates like a concrete matrix. Therefore, the addition of additive or reinforcing 
materials were needed to improve the performance of the mortar. Hence, causing 
difficulties in workability, dispersion of fibre, and reinforcing costs.
Based on the achievement of previous studies in discovered the unique 
properties of CNCs in improving various composites materials in diverges industries. 
Hence, this study discussed the effect of CNCs extracted from palm oil waste 
incorporated in cement mortar in enhancing its performance in terms of strength, 
microstructural and thermal performance.
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1.2 Problem statement
Nowadays, the production of waste from palm oil industry has been increased 
from 13.9 million tonnes in September 2018 to 15.9 million tonnes in September 2019 
(Malaysian Palm Oil Board, 2019). Demand in new construction building materials, 
such as strong, lightweight, thermally efficient, environmentally friendly and low-cost 
materials have been extremely high. However, to produce this type of material need 
advanced technology. These advanced technologies will cost a high amount of money.
Nowadays production of high strength cement mortar needs various addition 
of costly admixture to improve the quality of the physical performance of the cement 
composites (Mehra et al., 2016; Zhang et al., 2019). Example of mineral admixture 
and chemical admixture that been used in the cement composites industries to produce 
the high strength concrete or mortar such as fly ash or silica fume and naphthalene 
formaldehyde superplasticizers (NFS) or lignosulfonate plasticizers (LSP), 
respectively. Therefore, eco-friendly and low-cost admixture should be introduced and 
studied, to reduce the usage of mineral and chemical admixture in the later future.
Moreover, there are so many research has been done by the addition of natural 
or synthetic fibres in cement mortar or concrete to strengthen the composites. In 
Malaysia, the most common natural fibres that been used in the cement mortar as fibre 
reinforced material mix, were pineapple fibre, palm oil fibre, kenaf fibre, paddy straw 
fibre, sugarcane fibre, and banana fibre (Mohammed et al., 2015; Sajjala, 2018a). 
However, this effort by using the micro sizes of fibres in the cement mortar mix cause 
difficulty and limitation in the workability stage. The higher the addition of micro sizes 
fibre will reduce the workability of the cement mortar as balling effect occurred during 
mixing. Hence, reduce the strength of the cement mortar as the aftermath.
On top of that, the addition of admixture or natural fibres in cement mortar 
provides any guarantee for long-lasting strength of the structure. This due to the natural 
behaviour of the micro sizes fibre, which exposed to decay after a long haul (Ahmad 
et al., 2019). This decay effect will speed up if the cement mortar is not dense enough 
which provide more void or passage for air or water to penetrate inside the structure.
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Therefore, an early precaution of the well-protected structure of cement mortar to 
prevent chemical attack and decay agents such as air or water to penetrate.
Thermal performance of cement mortar is important properties that need to be 
studies nowadays (Shahedan et al., 2017). The extreme changed in the climate across 
the globe causing the importance of producing the construction material that has good 
thermal insulation rather than just toughness. The utilization thermal insulation of 
building becomes a great potential to reduce the building thermal load and 
consequently its energy consumption especially in harsh weather and lead to 
improvement of economical aspects of buildings. Therefore, more comfort in living 
and significant energy saving can be realized by buildings with proper materials, 
design and operation.
1.3 Aims of the study
Many studies in construction have expanding and focusing their studies on 
producing green and sustainable construction materials. Despite this strategic 
direction, the literature reveals that relatively little is known about the performance 
cement mortar incorporating with cellulose-based materials. Consequently, this 
research aims to narrow this research gap and conduct the research on the performance 
of CNCs incorporated in cement mortar, focusing on its physical and thermal 
performance. The results will be used to provide recommendations to the construction 
industries on the potential usage of CNCs mortar as a green and sustainable 
construction material.
1.4 Objectives of the study
Several objectives can be drawn according to the problem statement. The 
objectives are as follow:
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1. To characterize the physical and chemical properties of cellulose nanocrystals 
(CNCs) extracted from palm oil fruit bunches wastes.
2. To determine the engineering properties of CNCs mortar by using the optimum 
amount of CNCs content.
3. To identify the contribution of CNCs in improving the mortar performance 
through microstructure study.
4. To investigate the performance of CNCs addition in cement mortar in terms of 
its impact towards heat
1.5 Research question
Four major questions need to be answered from this research:
1. What are the crucial components of CNCs that make it suitable to improve 
mortar physical and thermal performance?
2. How the addition of cellulose nanocrystals can contribute to the strength of the 
mortar?
3. What are the changes in microstructure study of mortar before and after 
incorporating CNCs?
4. How does the CNCs affect the mortar properties in improving the thermal 
performance?
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1.6 Scope and limitation of the study
The versatility in the formulation of cellulose mortar led to wide acceptance in 
the construction industry. CNCs is potential to be used as alternative materials other 
than know cementitious materials such as palm oil fuel ash, slag or rice husk. This 
research focused on assessing the effect of CNCs addition in mortar matrix based on 
strength development, microstructures study and thermal performance. To achieve the 
expectation of the research, a limitation has been set up for this project by following 
the standard specification:
(a) Percentages of CNC as an additive are tested with 0.2 to 0.8% with
0.2% increment by volume of cement.
(b) The sizes of sand passing sieve between 850 pm to 600 pm and 
600pm to 150p.m.
(c) Test samples are including 50mm cubes for compressive strength, 
40x40x160 mm prism for flexural strength test, 070x150 mm 
cylinders for splitting tensile test and 300x300x100mm bricks for 
thermal behaviour tests.
(d) Three types of curing regimes namely wrap, water, lime was used.
The tests were conducted based on the American Standard Testing Method 
(ASTM) standard and British Standard (BS). Some testing methods were adopted from 
previous researchers since it was not stated in any other established standard.
1.7 Significance of the study
Various application of CNCs reported by in previous studies by using 
traditional and advanced technology have unveiled many potentials of CNCs. Several 
studies found that, different sources of cellulose resulting in different properties of 
CNCs. In this study, the sources of cellulose which came from the abundant local
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agricultural waste which is palm oil fruit bunch waste have been chosen as the source 
of cellulose. With the usage of palm oil fruit bunch waste, the carbon emission from 
the palm oil industries can be reduced to a certain level. This due to less open burning 
activities will occur in order to dispose the waste.
The overall study can be summarised that the properties of cement mortar can 
be enhanced by using natural based additives. The natural additives such as CNCs can 
be a great opportunity to improve the physical properties, inner structure, mechanical 
properties and thermal performance in a sustainable and green way. Thus, with the 
improvement in the properties of cement mortar, the mortar can be applied in varies 
application such as good insulator for building, high rise building and bridge 
construction material.
With the positive effect of CNCs addition in cement mortar, this can be used 
to improve the conventional cement mortar used in the construction industries. With a 
little addition of CNCs can improve the properties of cement mortar. Since the CNCs 
is a nanomaterial, the little addition of the CNCs would not change the appearance of 
the common mortar. It only improves the inner structure of the cement mortar.
1.8 Thesis outline
Chapter 1 (Introduction): Chapter 1 discusses the background of the research 
comprising the statement of the problem, research objectives, research scope, the 
significance of the research, and limitations of the study.
Chapter 2 (Literature Review): Chapter 2 initially discusses the past research 
from various researchers all around the world. The main focus is to identify important 
performance criteria and parameters research that had been done and compared with 
current research. This chapter then discusses the history, studies, science and different 
approaches to the utilization of CNCs and its ability to enhance the properties of 
materials. The differing performance of CNCs as admixture evaluation methods are 
discussed by looking at the different admixture that each researcher had reported.
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Chapter 3 (Research Methodology): Chapter 3 focuses on a testing method that 
had been conducted to evaluate the performance of CNCs-mortar. The methodology 
is separated into three parts: a) the characterization of CNCs as potential additive of 
cement composites, b) hardened properties of mortar incorporating CNCs, and c) 
microstructure observation of the CNCs-mortar. All the testing methods and 
parameters are discussed in this chapter.
Chapter 4 (Characterizations of Raw Materials of Cellulose Nanocrystals): 
Chapter 4 reports and explains the analyses undertaken for achieving the first 
objectives of this research. The results are discussed in this chapter. Some sections 
from objective 4 based on microstructure morphology are also included.
Chapter 5 (Properties of Mortar Contain CNCs as Potential Admixture): 
Chapter 5 discusses the performance of CNCs-mortar as to achieve the Objectives 2, 
3 and 4. The correlation analysis was carried out to evaluate CNCs as the potential 
cement composites admixture.
Chapter 6 (Thermal Behaviour of CNCs-mortar): Chapter 6 converse about the 
potential of CNCs in improving the thermal behaviour of the cement composites 
materials by incorporating it. This chapter explains the results and analysis made to 
satisfied Objectives 5.
Chapter 7 (Conclusions and Recommendations): Chapter 7 concludes the 
findings of the overall research work that was undertaken. The contribution and 
implications of the findings toward the construction industry in general and 
performance evaluation, in particular, are explained. The limitations and possible 
improvements for future undertakings are also discussed. Suggestions for future 
research are conveyed in the final part of this chapter.
9
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